Renal cell carcinoma is one of the most malignant tumors, affecting men more frequently than women and constituting nearly 90% of all kidney tumors. Chromophobe renal cell carcinoma has been described as a new histological type of renal cell carcinoma. Chromophobe renal cell carcinoma constitutes up to 5% of all cases of kidney cancer. It is characterized by a significant number of deletions in many chromosomes, as well as the loss of entire chromosomes. Chromophobe renal cell carcinoma arises from tubular cells or cells of the macula densa. In contrast to other types of kidney cancer, it occurs with equal frequency in men and women, mostly in the sixth decade of life. It is characterized by a relatively good prognosis and exhibits a low degree of malignancy. Histopathologic diagnosis of ChRCC can be a diagnostic challenge because these tumors may resemble oncocytoma or conventional cancer. Research by Mathers et al. proposed the use of cytokeratin 7 as a marker useful in the differentiation of these changes.
Introduction
Renal cell carcinoma is one of the most malignant tumors, affecting men more frequently than women and constituting nearly 90% of all kidney tumors [1] . The incidence of kidney cancer varies geographically: the highest level is recorded in Europe, North America and Australia, the lowest in Africa, India, China and Japan. Currently, a reliable causative agent of renal cell carcinoma is unknown, although increasing evidence points to chromosomal defects contributing to its development. A growing number of cases of the disease at a young age and following cytostatic and immunosuppressive therapy has been described recently. The risk of kidney cancer also increases with smoking, obesity, hypertension and exposure to chemical agents, especially nitrosamines, cadmium and arsenic [2, 3] . The most common kidney cancer is clear cell carcinoma, also called conventional cancer. It accounts for approximately 80% of all cases of kidney cancer. This tumor derives from the epithelial tissue of proximal renal tubular sections [4] and histologically is composed of a clear, granular, eosinophilic cytoplasm [5] . Papillary renal cell carcinoma, also known as chromophil carcinoma, is a much less recognized re-nal cancer, occurring in about 10-15% of cases. Approximately 5% of cases of kidney cancer are chromophobe renal cell carcinoma (ChRCC), which owes its name to darker-colored cells. The least common types of kidney cancer, making up 1-2%, include collecting duct cell carcinoma and sarcomatoid cell carcinoma [2] .
Epidemiology of chromophobe renal cell carcinoma
Chromophobe renal cell carcinoma was described as a new histological type of renal cell carcinoma in 1985 by Thoenes et al. [6] . It owes its name to the inability of staining with conventional dyes, such as hematoxylin and eosin, and due to a high content of proteoglycans in the cytoplasm, strongly stained with Hale's colloidal iron [7] . Chromophobe renal cell carcinoma constitutes up to 5% of all cases of kidney cancer. It is characterized by a significant number of deletions in many chromosomes (1, 2, 6, 10, 13, 17, 21, Y), as well as the loss of entire chromosomes [8] . Chromophobe renal cell carcinoma arises from tubular cells or cells of the macula densa. In contrast to other types of kidney cancer, it occurs with equal frequency in men and women, mostly in the sixth decade of life. It is characterized by a relatively good prognosis and exhibits a low degree of malignancy. Studies have shown a 5-year survival rate of 78-100%, and a 10-year survival rate in the range of 80-90% [9] . The growth of a tumor mass into the renal vein occurs in about 5% of cases, and the occurrence of metastases is observed in 6-7% of pathological lesions described as ChRCC [10, 11] .
Microscopic view of chromophobe renal cell carcinoma
Microscopically, ChRCC can be observed in the form of solid or trabecular cell clusters with light, flocculent cytoplasm. Characteristic features of the cells include particularly pronounced cell membranes and irregular nuclear shapes with distinct nucleoli. The histopathological differential diagnosis of ChRCC should be based on differentiation from clear cell carcinoma and oncocytoma. Oncocytoma can develop in various organs. It is a mild form of a well-differentiated renal tumor, accounting for about 3-7% of kidney tumors. Histologically, this lesion is constructed of solid layers of large, polygonal and eosinophilic cells. Most of these cells are completely filled with a granular cytoplasm mainly composed of mitochondria [12] .
Immunohistochemistry plays a valuable role in diagnosis of ChRCC. Chromophobe renal cell carcinoma cells have a positive reaction to Hale's colloidal iron and keratin, but negative immunostaining for vimentin, while the most common type of kidney cancer, clear cell carcinoma, displays co-expression of keratin and vimentin. Another feature differentiating ChRCC from oncocytoma is the presence of numerous cytoplasmic vesicles derived from the endoplasmic reticulum with a smooth surface and a diameter of 250-400 nm [13, 14] .
Macroscopic evaluation of chromophobe renal cell carcinoma
The average size of a ChRCC tumor is 6.0 cm, which is larger than other subtypes of kidney cancer. Its most common colors are beige, yellow and various shades of brown [15] . Chromophobe renal cell carcinoma is sometimes surrounded by necrotic lesions. A central scar on the tumor mass has also been described, but the frequency of its occurrence is unknown [16] .
Chromophobe renal cell carcinoma clinical presentation
Chromophobe renal cell carcinoma is known to be the malignant counterpart to oncocytoma. It is generally recognized as a clinically low-stage, low-grade tumor [17] . Clinically, ChRCC is detected based on signs and symptoms, as with other types of kidney cancer. They include pain, hematuria, hypertension, polycythemia, hypercalcemia of unknown origin, fever and weight loss. Kidney cancer has been increasingly diagnosed at an earlier stage of development, mainly due to routine ultrasound examination. The classic triad of flank pain, hematuria, and palpable mass in the lumbar region is uncommon and is indicative of advanced disease [18] .
Treatment of chromophobe renal cell carcinoma
Nephrectomy is the best way to treat ChRCC. In the past, radical nephrectomy was the standard surgical procedure. It consists of removal of the kidney along with perirenal fat, renal fascia, adrenal gland, ureter and regional lymph nodes. Partial nephrectomy is also performed in cases where preservation of the affected kidney is required. It consists of the removal of only pathological lesions along with the surrounding tissues. Nowadays, with advanced diagnostic techniques available, more ChRCC cases are recognized at an early stage of development. As a result, partial nephrectomy is performed more commonly [19] .
Huang et al. retrospectively analyzed 2,991 patients with renal cell carcinoma who had undergone nephrectomy at the age of over 65 years. They showed that there were more cases of cardiovascular and chronic kidney disease in the group of patients who had undergone radical ne-phrectomy. The mortality rate in this group was also significantly higher than in a group of patients following partial nephrectomy [20] .
Another analysis of a group of 648 patients treated surgically for renal cell carcinoma carried out by Thompson et al. also showed a correlation between radical nephrectomy and significantly increased mortality [21] .
Histological evaluation of chromophobe renal cell carcinoma
The Fuhrman grade, which is one of the most important prognostic factors in the course of kidney cancer, plays an important role in its diagnosis. The classification of ChRCC is based on evaluation of changes in cell nuclei on a 4-point grade after staining with hematoxylin and eosin (H&E). In this evaluation the following cell morphological features are taken: size of the cell nucleus, regularity of the nuclear outlines, and presence of nucleoli.
In stage 1 of histological malignancy of ChRCC cells, nuclei with morphology similar to nuclei of healthy kidney cells are detectable. This feature is thought to be associated with the best prognosis. ChRCC cells in stage 4 of histological malignancy have nuclei with numerous morphological changes; therefore, in these cases, prognosis is worse [22, 23] . Particular consideration should be paid to the limited usefulness of the Fuhrman grade in estimating the prognosis of ChRCC. Nowadays, this classification is limited only to clear cell carcinoma [24] . Irregular nuclei, distinct nucleoli and nuclear pleomorphism are histological features of ChRCC. Referring to Fuhrman grade criteria, such as cell morphology, would indicate a higher stage of histological malignancy in this subtype of kidney cancer. However, long-term clinical observation of patients suffering from ChRCC refuted the prognosis that would result from the Fuhrman classification. In the vast majority of cases it was overstated.
These observations led scientists to create a new, three-level grade for chromophobe renal cell carcinoma. Evaluation of lesions according to this classification is based on the assessment of geographic nuclear crowding and cellular anaplasia.
The 3 chromophobe tumor grades are as follows: -grade 1 -chromophobe RCC with (usual) wide constitutive nuclear range, but without nuclear crowding and anaplasia (as defined in grades 2 and 3); -grade 2 -geographic nuclear crowding (cellular clustering characterized by high geographic nuclear/cytoplasmic density detectable with the 10× objective and some nuclei in direct contact with each other when assessed with the 40× objective) and the presence of nuclear pleomorphism (size variation of ≥ 3) -fold and distinct nuclear chromatin irregularities (unlike the smudged nuclear atypia of degenerate foci); -grade 3 -presence of frank anaplasia (nuclear polylobation, tumor giant cells) or sarcomatoid change [25] .
Paner et al. compared the Fuhrman grade ratings with the ratings based on the new classification (Table I ).
In conclusion, the novel chromophobe tumor grading system proposed has a superior prognostic value compared to the Fuhrman nuclear grade in ChRCC and will potentially help stratify ChRCC patients who are at a potentially greater risk of disease progression [26] .
Research shows that the assessment of grade of both systems does not correlate with age or gender. The correlation between grade and size of the tumor seems to be important. It was found that tumor size is in a linear relationship with the risk of relapse [26] . An increase grade in both scales was observed with increased angiogenesis and the formation of necrotic lesions [25, 27] . The new ChRCC evaluation system creates better possibilities for assessment of prognosis and the risk of progression of cancer. This allows better definition of groups of patients who should be under special care due to increased risk of relapse.
Eighty-six percent of ChRCC cases are diagnosed in the first and second clinical stage of the disease. Metastases are observed in a small number of cases (about 6-7%), and involve mainly the liver (39%) and lungs (36%) [10, 28] .
Microscopic evaluation of ChRCC can identify two types of cells. The first type includes cells that are large, polygonal with abundant clear cytoplasm and prominent cellular membranes. Typically, they are mixed with cells of the second type that are smaller, with granular, eosinophilic cytoplasm. Both types have irregular nuclei with a characteristic halo around them. Presence of cells with double nuclei is also possible [29, 30] . Cells of both types may be present in different proportions. This serves as the basis for the division into three ChRCC histological types, which (Table II) . Chromophobe renal cell carcinoma may rarely occur in a sarcomatoid form. This type of lesion is characterized by spindle-shaped, closely packed cells, the presence of atypical cells and frequent occurrence of necrotic lesions and strong vascularization of the affected area. Changes of this type are often diagnosed at an advanced stage of the disease, often with metastases, and are characterized by a much worse prognosis. However, in contrast to other types of ChRCC, the sarcomatoid variant is more sensitive to chemotherapy [31] .
Diagnostic difficulties and molecular markers
A benign lesion, such as oncocytoma, can often be confused with ChRCC because it is built from large, well-differentiated tumor cells with eosinophilic cytoplasm containing numerous granules. A microscopic granulation arises due to presence of numerous mitochondria in the cytoplasm of the oncocytoma [12, 32] . Moreover, both changes are characterized by the same origin [33] . Differentiation of ChRCC from clear cell carcinoma with eosinophilic cytoplasm can also be problematic. Therefore, it is necessary to identify molecular markers that will allow for a differential diagnosis of these changes.
Histopathologic diagnosis of ChRCC can be a diagnostic challenge because these tumors may resemble oncocytoma or conventional cancer. Research by Mathers et al. proposed the use of cytokeratin 7 as a marker useful in the differentiation of these changes. As a result of immunohistochemistry, the staining pattern of different types of changes has been determined: -chromophobe renal cell carcinoma showed expression of cytokeratin 7 in the membranes of tumor cells, -conventional cancer showed no expression of cytokeratin 7, -oncocytoma showed heterogeneous expression of cytoplasmic staining with light to moderate areas. Characteristic tint of ChRCC cell membranes was not observed [34] .
In the diagnosis and treatment of ChRCC it is very important to distinguish potentially benign tumors with a higher risk of recurrence, despite the treatment used. Prognostic factors were studied by Zini et al. They thoroughly analyzed histological specimens and results of imaging of pathological changes in an attempt to find necrotic areas. Observation of patients after surgical removal of ChRCC (mean time of surgery was 22.5 months, range: 1-80 months) revealed the presence of metastases in 19% of patients, which clearly correlated with earlier detection of necrosis. Observation of cells surrounding the tumor necrosis is new, clinically useful information for the physician, which allows the aggressive form of ChRCC to be distinguished [35] .
This method is simple and seems to be effective in estimating the prognosis of chromophobe renal cell carcinoma. In order to detect any local recurrence of the disease or distant metastases early, abdominal imaging should be carried out every 6 months. Particular attention should be paid to the liver, which is the most common site of metastasis in the course of ChRCC.
Tumor markers in the immunohistochemical diagnosis of ChRCC CD117 CD117 (KIT) is also known as proto-oncogene c-Kit or tyrosine-protein kinase Kit. It is a protein encoded by the KIT gene. It was first described by the German biochemist Axel Ullrich in 1987. CD117 is a receptor tyrosine kinase type III, which is responsible for transduction of molecular signals. Under normal conditions, CD117 is activated (phosphorylated) by binding of the ligand -stem cell factor. This reaction activates an intracellular phosphorylation cascade leading to the formation of appropriate transcription factors, which activate the differentiation processes, apoptosis, proliferation, chemotaxis and cell adhesion.
KIT-dependent cells include mast cells, some hematopoietic cells, embryonic cells, melanocytes, interstitial cells of Cajal and cancer cells derived from these cells. Among them are also normal epithelial cells covering skin appendages and some clusters of neurons of the cerebellum. Overexpression of KIT has been described in the cells of various sarcomas, lung cancer and chromophobe renal cell carcinoma, lesions in the thymus gland and some changes involving the ovaries [36] . In healthy kidney tissue, poor immunoreactivity towards KIT is present in only some cells of the distal tubules. Interestingly, from among all types of kidney cancer, only ChRCC cells overexpress this receptor. This finding unequivocally confirms the histogenetic origin of this change and may be helpful in the differential diagnosis and treatment [37, 38] . However, overexpression has slight variations depending on the subtype of ChRCC. It occurs more commonly in the classic (82%) than the eosinophilic type (67%) [39] .
Cadherins
Taki et al. studied the expression of cadherins to propose a method of differentiating ChRCC from clear cell carcinoma, the most common type of kidney cancer. Cadherins belong to a group of adhesive proteins that require the presence of calcium ions for interaction between cells. It was found that in all cases of ChRCC, cancer cells expressed E-cadherin (epithelial) and there was a total lack of expression of N-cadherin (neuronal). In the case of clear cell carcinoma, the proportion was opposite. This tumor displayed a total lack of E-cadherin; however, 58% of samples were positive for N-cadherin [40] .
Genetic anomalies
In order to differentiate ChRCC from oncocytoma, Qian et al. used fluorescence in situ hybridization (FISH) to identify specific genetic anomalies in the material. Frequent loss of chromosomes 2, 6 and 10 was a characteristic feature of ChRCC, whereas oncocytoma displayed very frequent loss of chromosomes 6 and 10, and no loss of chromosome 2 [41] .
The effectiveness of using FISH probes specific for the detection of chromosome centromeres is not confirmed by larger studies. For this reason, it may not be used as a primary method, but only can play a supporting role in the diagnosis of ChRCC and oncocytoma.
The S-100 protein family Also helpful in differentiating ChRCC and oncocytoma may be the results of Li et al., which suggest that the protein S100A1 belonging to the S100 protein family may be a useful diagnostic marker [42] . These proteins affect the activity of enzymes, transcription, and rearrangement of all cytoskeletal components. They can also be secreted out of the cell, where they are responsible for regulation of the body's calcium and signaling. S100A1 protein undergoes multiple conformational changes due to binding of calcium ions. Although still poorly understood, S100A1 protein function is suspected to take part in intracellular signaling and regulation of function of neurons and cardiomyocytes [42] .
Li et al. reported that 93% of lesions previously diagnosed as oncocytoma showed S100A1 protein expression, while none of the ChRCC specimens showed a positive reaction. It was also noted that this method may only be useful in differentiating these two particular types of cancer. Differentiation of other types of renal cancer using this method is impossible because they exhibit variable expression of the protein (a positive response in 67% of clear cell carcinoma cases and also 67% for papillary cell carcinoma) [42] .
KAI1 protein
KAI1 protein (CD82; metastasis suppressor protein) is a surface glycoprotein encoded by a KAI1 gene located on chromosome 11p11.2. This is a metastasis suppressor protein. Its expression is strongly correlated with the expression of p53 protein. Decreased expression of both of these proteins is associated with poor prognosis in the course of many cancers, as manifested by an increased number of tumor metastases and more aggressive clinical course [43] .
Kauffman et al. evaluated protein expression level in various types of kidney cancer. Based on these results, the authors found expression of KAI1 in ChRCC and determined that it is much more frequent than in other histological types of renal cell carcinoma [44] (Tables III and IV) .
Systemic therapy for chromophobe renal cell carcinoma
Research on chromophobe renal cell carcinoma is necessary to achieve the most effective therapy. Still target therapy for this cancer is not avail- able. Although many specific molecules have been found as targets for the new medicaments, none can be used in the clinic. According to the Guidelines on Renal Cell Carcinoma [49] issued by the European Association of Urology in 2014, no recommendations can be made at present. There are limited data supporting the use of targeted therapy in chromophobe tumors. These lesions have been included in prospective studies, but the numbers are small, and specific subset analysis has not been performed [50] [51] [52] . Patients should be treated in the framework of clinical trials. If a trial is not available, a decision should be made in consultation with the patient to perform treatment in line with clear-cell carcinoma. Guidelines suggest using sunitinib, everolimus or temsirolimus as a first-line therapy. Sunitinib is an oral tyrosine kinase inhibitor [53] . Both everolimus and temsirolimus are specific inhibitors of mammalian target of rapamycin (mTOR) [54] . For the second-line treatment any targeted agent may be used. 
